The expansion of science and technology during the past few decades has been enormous but it has tended to cause fragmentation, and each developing branch has produced its own convenient terminology and units. The diversity has become so great, even when the same quantity is being measured, that it is often very difficult for a worker in one field to appreciate immediately the result of a measurement reported by a worker in another.
Pressure is a notorious example. It is measured in many different units including centimetres of water, millimetres of mercury, torr, inches of water, feet of sea water, kilograms per square centimetre, bars and standard atmospheres. Indeed the strange situation has arisen whereby blood Po, and Pco, are measured by electrometric techniques but are reported as the height of a column of mercury. An even more illogical position has arisen whereby arterial blood pressure is expressed in millimetres of mercury and venous pressure is expressed in centimetres of water. Yet not all clinicians are aware that the ratio of the two units is only 1.36:1. Certainly the magnitude of the difference in the units is no reason for retaining both of them, and the mode of measurement becomes less relevant each year. The scale on a mercury sphygmomanometer is certainly not in millimetres of length and could equally well be graduated in any other units of pressure. Similarly, there is no reason why the scale used for central venous pressure measurement should not be graduated in other units of pressure which would facilitate comparisons.
Units of concentration and their symbols are another source of diversity and confusion. There are over thirty in present-day use. Some examples are shown in table I, those on the same line being of equal value. All these units are in current use, and the list is not exhaustive. It is not unusual for the same quantity to be measured in different units in different fluids in the same laboratory. 
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Units of force (gram force, pound force, etc.) which are defined in terms of the earth's gravitational field, are subject to the variation of that field with altitude and latitude and are irrelevant to conditions in space. Such pressure units as the millimetre of mercury and the pound force per square inch are derived from gravitationally based units of force.
Advances in one branch of science often depend on utilising developments from another. This is true particularly of medicine, which tends to have the attributes of an art. Slowly and inexorably, however, the scientific aspects assume greater importance and now there is an overwhelming case for reducing the number of units of measurement and for clarifying definitions to bring them into line with those used in other branches of science.
HISTORY
Although the advent of SI (Systeme International) units may seem a new and isolated concept, in fact it is a culmination of a complex series of historical events (see review by McGlashan, 1971) . A decimal system of measures is believed to have been advocated by one Simon Stevin in 1585. However, it is probably the French to whom the credit must be given for making the first reference measure bars for distribution not only throughout France but also some other countries. Immediately after the French Revolution, Talleyrand (1790) tried to initiate an international project to unify weights and measures. He hoped sincerely that the English would cooperate, but they regarded it as impracticable even though the House of Commons recognized the chaos in weights and measures. In 1868 the British Association Committee on Electrical Units and Standards adopted the centimetre-gram-second (CGS) system of units. However, the units were inconveniently small for engineering and in 1954 the CGPM adopted the metre-kilogram-second-ampere (MKSA) system. This was an important step towards the development of the SI system, which was finally completed in its present form in 1969, when the International Union of Pure and Applied Chemistry persuaded CIPM to adopt the mole as the unit of amount of substance.
In Britain, a Metrication Board was set up in 1969, with 1975 as a target date by which most of industry would be converted to metric measurement. In the engineering industry, the point of no return has been passed and, in schools, SI units are being taught. We must expect now that school-leavers will become progressively more familiar with SI units than with both the Imperial and CGS systems. At least in the field of medicine, it is clear that 1975 as a target is over-optimistic. It has been directed by the EEC Council of Ministers (1971) that units such as the metre of water, the millimetre of mercury, and torr, should disappear from use by December 31, 1977 , at the latest. However, certain other units which are not strictly SI may continue after that time. These include the litre and the atmosphere.
It is interesting, since SI is associated with metrication, that the French are often thought of as the strongest protagonists, whereas the most active in promoting the SI are the Scandinavians, who have been as prominent as anyone in the development of laboratory medicine. Indeed, Scandinavian papers using "molar" concentration can be found in the mid-1960s; generally, also, biochemists engaged in basic work have used "molar" concentration for some years.
QUANTITIES AND UNITS
The SI is not only a matter of simplifying units but also includes a much-needed standardization of spelling, symbols and presentation. The symbols for the units are international but the spelling of the names of the units depends upon the language within which they are used.
There are three classes of SI units. The derived units are obtained from the base units by multiplication or division without the introduction of numbers, not even powers of ten. These include the SI unit of velocity (metre per second or m s"' )> and force (kilogram metre per second squared, or newton with the symbols kg ms 2 or N). A relevant selection of derived units is presented in table m.
Supplementary units. The General Conference
has not yet classified certain units of the International System under either base units or derived units. They are the radian which measures plane angle, and the steradian for solid angle. In addition, there are special non-SI units which are recognized by the QPM as having such practical importance that they warrant retention either for general or specialized use. These include litre (1), day (d), hour (h), minute (min) and, for the time being, standard atmosphere (atm). They should be clearly distinguished from non-recommended units such as calorie, torr, etc., which should disappear within a few years (EEC Directive 71/354/CEE).
Prefixes.
The prefixes enable decimal multiples and fractions to be formed. Although they are not part of a coherent system, they are necessary for practical purposes. They are restricted, nevertheless, and multiples of 10 3 are preferred whenever possible (table IV) .
Three rules govern the use of prefixes:
(1) Prefixes are normally attached to the base or derived units themselves, except in the case of the kilogram (which is unfortunate in that it suggests a decimal multiple of a base unit whereas it is itself a base unit). In the special case of mass, prefixes are attached to the gram and not the kilogram. Prefixes are also used with non-SI units (e.g., ml).
(2) Compound prefixes should not be used (e.g., nanogram rather than millimicrogram)-ng and not m,ug for 10" 9 g.
(3) A symbol comprising a unit and prefix is regarded as a single symbol which may be raised to a power without the use of parentheses, e.g. mm 3 and not (mm) 3 for cubic millimetre.
Presentation of symbols for units.
The symbol for a quantity (e.g., "length" or "time") should be printed in italics but the symbol for a unit (e.g., "metre" or "second") should be in upright Roman type with no space left between the symbols for prefix and unit A space indicates a multiplication operation, and a misunderstanding may arise where the same symbol has two meanings. For example, the letter "m" is the symbol for metre and the prefix "milli" for one thousandth part. Thus mN means miUinewton or 10" 3 N, whereas mN denotes the product metre X newton. The letter "s" must never be added to a symbol to indicate plural, nor should a full stop be placed after it. The correct form is thus 4 mg, for example. The plural may be used, however, when the unit is written in full and the above example would then be written "4 milligrams".
When a unit is derived from a proper noun, the full name of the unit is written entirely in lowercase, e.g. pascal for the derived unit of pressure; Celsius is an exception to this. However, the abbreviated symbol is written with a capital, e.g. Pa for pascal, A for ampere, W for watt, etc. Otherwise lower-case is always used, except in those instances where a capital is required to avoid the confusion arising when the same letter is used for more than one unit or symbol; for example, M is the symbol for the prefix mega, while m is the symbol for the prefix milli as well as for the unit, metre. The italic letter "m" is the symbol for the quantity, mass, but no confusion should arise since symbols for quantities will not be used normally with symbols for units or prefixes.
Multiplication may be indicated by a space between the units which may or may not contain a full stop. For example, work may be represented as the product of force and distance. In SI units this would be newton metres for which Nm or N.m would be the manner of writing. The multiplication sign between numbers should be a cross (X).
Division may be indicated by a solidus (/) provided that only one is used. For example m/s and ms' 1 are equally correct for metres per second. In the case of more complicated expressions, the use of more than one solidus can give rise to confusion. The units of transfer factor (diffusing capacity) in the past have been expressed as ml/min/mm Hg. In fact they are ml mirr 1 mm Hg" 1 . In contrast, the units of resistance to gas flow have been written as mm Hg/ml/min, which in this case really means mm Hg ml" 1 min. That is to say an expression "A/B/C" may mean either AB-'C or AB-'C. Where the denominator contains more than one term, negative indices should always be used.
Decimal and large numbers.
The International Union for Pure and Applied Chemistry, Commission on Biochemical Nomenclature (meeting on August 27, 1973), has recommended the universal use of the comma as the decimal sign, with the rider that the full stop might still be used in English texts, if this was desirable.
To facilitate the reading of large numbers, the digits may be grouped in threes about the decimal sign, but no point or comma should ever be used except for the decimal sign. These recommendations are not included in SI, in fact DERIVED DNTTS OF SPECIAL RELEVANCE TO CLINICAL CHEMISTRY AND ANAESTHESIA
Volume.
The SI unit of volume is the cubic metre (m 3 ). For most medical and laboratory purposes this is inconveniently large and the cubic decimetre will be preferred (dm 3 ). In deference to brevity and current usage it is permissible to use the special name "litre" (1) as identical to dm 3 , and similarly "millilitre" (ml) may be used for cm 3 .
Concentration.
There are two different SI units of concentration. The first is "mass concentration" for which the recommended units are kg/1, g/1, mg/1, /ig/1, etc. The coherent SI unit is kg/m 3 but the derived units in terms of the litre are more convenient and, of course, 1 kg/m 3 =l g/1. Analysts tend to match the unit of concentration to the size of the sample or to the animal species being investigated but this tends to obscure relationships. The second SI unit of concentration is the "amount of substance concentration" expressed in terms of molecular units per litre. Where the molecular weight of the molecule, radical or ion is known, the use of the molar concentration is recommended in units such as moles per litre (mol/1), millimoles per litre (mmol/1), micromoles per litre (jimol/l), nanomoles per litre (nmol/1), etc. For univalent ions such as sodium, potassium, lithium, ammonium, chloride and bicarbonate, milli-equivalents per litre and millimoles per litre are numerically equal. Apart from the few hospitals which have already changed to SI, serum calcium is reported in mg/100ml or meq/1. A typical value is 10.20mg/ 100ml, which is the same as 5.10meq/l or 2.55mmol/l.
Reporting plasma protein concentrations presents a small problem. The molecular weight of albumin is known, and the albumin concentration could be expressed in terms of either mass or amount of substance. However, the globulin fraction contains a variable mixture of many different proteins of varying molecular weight. Therefore it is impossible to express the globulin concentration as amount of substance (mmol/1), and it is likely that all plasma protein concentrations will continue to be expressed in terms of mass. However, this should now be expressed in units of g/1, which will be ten times the value expressed in the old units of g/100ml.
Haemoglobin will continue to be reported in g/lOOml until a decision is taken whether to use the monomer (Hb) or tetramer (Hb)< as a basis for the molecular weight.
Millimoles per litre, etc., and milligrams per 100ml, etc., are related by a simple formula:
(milligrams per 100ml X10) divided by molecular weight=millimoles per litre Thus, blood glucose, 90mg/100ml=5.0mmol/l, from (90Xl0)/180=5.0 and plasma cortisol 10/ug/ 1001111=0.275^01/1, from (10xl0)/362.5=0.275. The urine and faecal excretion of substances preferably should be stated as "per 24 hours" rather than "per day", which may be used to describe daylight hours only.
The report of any quantitative analysis should state the medium (serum, urine, etc.), the component, the kind of quantity, the numerical value and the unit.
The name of the component should be unambiguous. For instance, "serum bilirubin" usually describes the sum of conjugated and unconjugated substance, and is better written as "total bilirubin". "Direct bilirubin" is not as precise as "conjugated bilirubin". The word "free" is used in different contexts. "Free cholesterol" implies non-esterified, whereas "free cortisol" means unbound to protein.
Anaesthetists are familiar already with the case for expressing hydrogen ion concentration in nanomoles/litre (lnmoN= 1X10" 9 mole of hydrogen ion concentration) but the use of the pH nomenclature still remains almost universal (Campbell, 1962) . Conversion of pH to nanomoles is shown in table V. Gaseous concentration is usually expressed at present either as a volume/volume fraction or as a percentage, except at very low concentrations when parts per million are used. Results obtained with the Haldane or Scholander gas analysis apparatus are in the form of a volume fraction, and it is convenient that the sum of fractions of all components of a gas mixture is unity (or 100 if percentages are used). It has been proposed by Piiper et al. (1971) that the SI units of mmol/litre should be applied also to gas mixtures. This would have some advantage for calculations of gas exchange if millimoles should replace millilitres as the units for the quantity of gas transferred. For example, there would be a logical system in which oxygen consumption would be expressed in rnillimoles/rninute, oxygen concentration of both gas and blood samples in millimoles/ litre, and haemoglobin concentration in millimoles/ litre (1 millimole of oxygen would combine with 1 millimole of haemoglobin expressed as the monomer). On the basis of 1 mole of an ideal gas occupying 22.4 litres at standard temperature and pressure (dry), the sum of the concentrations of ideal gases in a mixture would be 44.6 millimoles per litre.
Force.
The SI unit of force is the newton (N) defined as the force which, when applied to a mass of 1 kilogram, will impart an acceleration of 1 metre per second squared.
lN=lkgms-2
In many practical applications there will be a considerable use of the kilonewton and meganewton (kN and MN). All gravity-dependent units such as the kilogram force are recommended to disappear by 1977 (Directive 71/354/CEE). The dyne is the CGS equivalent of the MKS newton and its fate is still uncertain but will be decided by EEC before 1977. The unit of surface tension will be newton metre' 1 which is equal to 10 3 dynes/cm.
Pressure.
The SI unit of pressure is the newton per square metre denoted by the symbols Nor 2 * which has been given the name "pascal" (Pa). The pascal is approximately 10~3 atmospheres, and for many situations in medicine the unit will be the kilopascal (kPa). 1 kPa=10 3 Nnr 2 A standard atmosphere is equal to 101.325 kPa so that, as a useful practical approximation, 1 kPa is equal to 1 % of an atmosphere. Thus 5 % CO, would exert a Pco 3 of approximately 5 kPa and the Po 3 of atmospheric air would be close to 21 kPa at sea level. This fortunate relationship probably will simplify the transitional period. The normal blood pressure, systolic and diastolic, will become approximately 16 and 11 kPa respectively.
Work and energy.
Major simplifications will be achieved by the universal use of the SI derived unit of work which is the joule (J), defined as the work done when 1 newton moves its point of application through a distance of 1 metre.
1 J=l Nm=l kgm 2 s-2
The practical unit in the medical field will probably be the kilojoule (kj) which requires a conversion factor of 4.18 from the kilocalorie which it replaces. A daily energy intake of 3 000 kilocalories will be expressed as about 12 550 kj. The kilopond metre also will be replaced, along with the kilowatthour, British Thermal Unit and others.
A useful transposition of the above definition of the joule may be applied in respiratory mechanics when work is performed as gas moves in response to a pressure gradient, and the product of pressure and volume change has the units of work. One joule of work is performed when a litre is moved in response to a pressure gradient of 1 kilopascal. ldm'Xl kPa=10-3 m 3 Xl0 3 Nnr 2 =l Nm=l J This is one of the most pleasing examples of simplification obtained by the use of a coherent system.
Power.
The SI derived unit of power is the watt or joule per second defined as:
1 w=l Js-' = 1 kgm 2 s" 3
The watt provides a convenient link with electrical units because of the following relationship: 1W=1 AX 1 V, where A=amp and V=volt.
Temperature.
The SI unit of thermodynamic temperature is the kelvin (K) but for normal everyday use (for example, patients' temperature), the degree Celsius (formerly called Centigrade) is used. Although the two units are equal, the zero of the Celsius scale is +273.15K.
Respiratory mechanics.
Compliance will be expressed almost certainly in litres/kilopascal, while elastance (the reciprocal) will be in kilopascals/litre. Resistance to gas flow will be in kilopascals per litre per second (kPa I" 1 s). Conductance, as the reciprocal of resistance, will be in litres per second per kilopascal (1 s' 1 kPa" 1 ).
Gas transport.
Transfer factor (diffusing capacity) seems likely to have new units for pressure, time and gas volume. Thus, instead of millilitres of gas per minute per millimetre of mercury pressure difference, it is possible that we shall use millimoles second 1 kilopascal" 1 . In this connection the future use of the kilopascal is certain, that of the millimole is probable, but that of the second is uncertain at present, since the minute has been retained as a special (though non-SI) unit.
Solubility.
Solubility of a gas in a liquid may be expressed in a great many different units, compounded by the diversity of existing units for both concentration and pressure (see above). Simplification is long overdue. The SI unit is millimoles litre" 1 kilopascal" 1 , and the name capacitance coefficient has been proposed (Piiper, 1973) .
When a solution obeys Henry's Law, the capacitance coefficient varies only with temperature. However, in cases with a non-linear dissociation curve (for example, oxygen in blood), the capacitance coefficient would be defined between two points (arterial and venous) as difference in concentration (mmol I' 1 ) divided by difference in partial pressure (kPa). A liquid-gas partition coefficient of B could be expressed in SI units as 0.44B mmol I 1 kPa" 1 for an ideal gas. The factor would be increased slightly for non-ideal gases.
The present position of standardization of units, terms and definitions in the field of respiratory physiology has been summarized by Douma et al. (1973) .
DRUG DOSAGE
It would be entirely logical to express drug dosage in moles or submultiples rather than in terms of mass, and this practice has already started in electrolyte therapy and pharmacology.
A doctor may prescribe a dose of 10 mg of morphine which is normally dispensed as morphine sulphate, 10 mg of which contains approximately 8 mg of morphine, and uncertainty could arise as to the dosage intended. In contrast, 1 mole of morphine or morphine sulphate contains the same quantity of morphine. Similarly, 134 mg of hydrocortisone hydrogen succinate contain 100 mg of hydrocortisone, but both contain the same number of millimoles. In a group of drugs such as the barbiturates, the concept of relative potency is confused by the fact that the same mass of two different barbiturates will usually contain different numbers of molecules. This confusion would be avoided by prescribing barbiturates in millimoles.
As millimoles/litre becomes the usual unit for expression of concentration it will probably be used for drug levels as well as for naturally occurring substances in blood. The whole system would thus tend to be more coherent if dosage were expressed in millimoles.
TIMING
The BSI pamphlet (PD5686) gives details as to whether many units should be retained, discarded or reviewed by a given date. Nevertheless, certain major changes are already definite and should not be resisted.
Specialist groups are already giving consideration to the introduction of new units into their special fields of interest. The European Society for Clinical Respiratory Physiology is currently debating certain details but, so far as we are aware, the national bodies representing anaesthesia in the United King-dom have not yet considered the matter. At the practical level the most important considerations are those taken by individual journals. On the one hand, it would be good to see rapid and early progress through the transition period, but on the other hand there is a natural fear that a journal, a country or indeed a continent might get out of step with others by making the transition too early. In the fields of pathology, Denmark, Holland and Finland have almost completely changed to SI units. There is nothing intrinsically wrong in making the correct decision early. The important point is to make it correctly.
APPENDIX I

DEFINITIONS OF THE SI BASE UNITS
Metre. The metre is the length equal to 1650763.73 wavelengths in vacuum of the radiation corresponding to the transition between the electron energy levels 2puj and 5d, of the krypton-86 atom.
Kilogram. The kilogram is equal to the mass of the international prototype of the kilogram held at Sevres. Second. The second is the duration of 9 192 631770 periods of the radiation corresponding to the transition between the two hyperfine levels of the ground state oJ the caesium-133 atom,
Ampere. The ampere is that constant current which, if maintained in two straight parallel conductors of infinitr length, of negligible circular cross-section, and placed 1 metre apart in vacuum, would produce between these conductors a force equal to 2X10-7 newtons per metre of length.
Kelvin. The kelvin, unit of thermodynamic temperature, is the fraction 1/273.16 of the thermodynamic temperature of the triple point of water. This is a unique point at which ice, water and vapour co-exist in equilibrium at a temperature of +0.0075*C and a pressure of 610.6 newtons per square metre.
Mole. The mole is the amount of substance of a system which contains as many elementary entities as there are atoms in 0.012 kilograms of carbon-12. When the mole is used, the elementary entities must be specified and may be atoms, molecules, ions, electrons, other particles, or specified groups of such particles.
CandeUi The candela is the luminous intensity, in the perpendicular direction, of a surface of 1/600 000 square metre of a black body at the temperature of freezing platinum under a pressure of 101 325 newtona per square metre.
APPENDIX II
SELECTION OF THE MOST COMMON BIOCHEMISTRY TESTS
Conversions from SI units to mgjlQOml, etc. 
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